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BA BA
Paranoia is the exaggerated belief that harm will occur and is intended by others. Although commonly framed
in terms of attributing malicious intent to others, recent work has explored how paranoia also affects social
decision-making, using economic games. Previous work found that paranoia is associated with decreased
cooperation and increased punishment in the Dictator Game (where cooperating and punishing involve paying
a cost to respectively increase or decrease a partner’s income). These findings suggest that paranoia might be
associated with variation in subjective reward from positive and/or negative social decision-making, a
possibility we explore using a preregistered experiment with U.S.-based participants (n ⫽ 2,004). Paranoia
was associated with increased self-reported enjoyment of negative social interactions and decreased selfreported enjoyment of prosocial interactions. More paranoid participants attributed stronger harmful intent to
a partner. Harmful intent attributions and the enjoyment of negative social interactions positively predicted the
tendency to pay to punish the partner. Cooperation was positively associated with the tendency to enjoy
prosocial interactions and increased with participant age. There was no main effect of paranoia on tendency
to cooperate in this setting. We discuss these findings in light of previous research.

General Scientific Summary
This study shows that paranoia is associated with alterations to the differential self-reported
enjoyment from engaging in different kinds of social interaction. Specifically, more paranoid
individuals reported enjoying positive prosocial interactions less and enjoying negative social
interactions more. These alterations can help to explain variation in social behavior in controlled
experimental settings.
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Paranoia involves being troubled by excessive concerns that
harm will occur and that this harm is intended by others (Freeman

& Garety, 2000). Although paranoia traditionally referred to delusional paranoia, a broader spectrum of paranoid concerns also
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occurs in a range of psychiatric syndromes and throughout the
general population where it can encompass perceptions of social
reference and hostility, suspicious thoughts and mistrust of others,
and fears of persecution (Bebbington et al., 2013; Combs et al.,
2006; Elahi et al., 2017; Freeman, 2016; Green et al., 2008).
Paranoia shows full taxometric continuity across clinical and nonclinical populations (Ahmed et al., 2012; Edens et al., 2009; Elahi
et al., 2017), supporting a dimensional approach to paranoia and
suggesting that studying the cognitive and affective correlates of
paranoid thinking in the general population will yield insights into
more severe paranoia in clinical settings (Freeman et al., 2005;
Raihani & Bell, 2019). Our aim is to determine whether paranoia
correlates with altered social reward value, and whether this predicts social behavior in an experimental setting.
Although factors that maintain clinical paranoia, such as sleep
difficulties and worry, have been relatively well-characterized (Freeman, 2016), the mechanisms of social decision-making in paranoia
have received much less attention. Recently, work using game theory
paradigms that involve experimentally controlled strategic social interactions have begun to inform the social cognition of paranoid social
inference and decision-making (Barnby et al., 2020; Fett et al., 2012;
Greenburgh et al., 2019; Gromann et al., 2014; Raihani & Bell, 2018,
2017; Saalfeld et al., 2018). In particular, the Dictator Game (Kahneman et al., 1986), where one player (the dictator) receives money
and can choose how much to send to the partner (the receiver), has
been used to explore how variation in paranoia affects the perception
of others’ intentions (Greenburgh et al., 2019; Raihani & Bell, 2017;
Saalfeld et al., 2018). The motives underpinning dictator decisions
remain ambiguous, but participants reporting high levels of paranoid
ideation show an increased tendency to attribute harmful intent, but
not self-interest, to dictators in this game (Barnby et al., 2020; Raihani
& Bell, 2017), which is modified by the perceived group characteristics of the partner (Greenburgh et al., 2019; Saalfeld et al., 2018).
In addition to social inference, game-theoretic paradigms can also
be used to explore how social decision-making varies in paranoia and
in psychosis. Several studies have reported reductions in cooperation
(Hanssen et al., 2018; Raihani & Bell, 2018) and trust (Fett et al.,
2012; Gromann et al., 2013; Lemmers-Jansen et al., 2019) in paranoia. This has been conceptualized as the result of altered social
reward learning mediated by changes to mesolimbic dopamine function (e.g., Diaconescu et al., 2019; Gromann et al., 2013). However,
a key distinction rarely tackled by these studies is between the reward
associated with a partner’s response, compared with intrinsic reward
value associated with one’s own decisions (Harbaugh et al., 2007;
Moll et al., 2006). The reward processes associated with one’s own
decisions need not be related to how the partner is expected to behave
nor how rewarding experiencing cooperation from a partner might be.
The subjective reward associated with experiencing cooperation from
a partner versus making a cooperative decision oneself are not mutually exclusive, although the latter remains relatively understudied in
paranoia.
We previously showed that paranoia involves an increased attribution of harmful intent to others and an increased tendency to punish
selfish partners (Raihani & Bell, 2018). Punishment decisions are
known to depend not just on whether harm occurred but on the
perception of whether the harm was intended (Cushman et al., 2009;
Gerstenberg et al., 2011; Sarin et al., 2017; Schaechtele et al., 2011).
In this previous work, increased punitive tendency in paranoia was
partly (but not fully) mediated by the tendency to attribute harmful

intent to others. In the same study, more paranoid thinking was also
associated with reduced prosocial tendency: more paranoid participants sent less money to the partner when acting in the role of the
dictator. Together, these findings suggest that punitive decisions in
paranoia might be associated with variation in subjective reward value
associated with positive and negative social decision-making rather
than simply an exaggerated perception of threat from others—a hypothesis we test here. We asked whether paranoia was associated with
variation in the self-reported tendency to find different kinds of social
interaction more or less enjoyable. We then asked to what extent
paranoia, harmful intent attribution, and social reward value are associated with punishment and generosity (respectively) in an experimental Dictator Game.

Method
Participants
Data for this study were collected in April and May 2018. This
project was approved by the UCL Research Ethics Council (project 3720/001). We recruited 2,004 U.S.-based participants (1,112
females, 892 males) using the online platform Amazon Mechanical
Turk (hereafter, MTurk). The mean age of participants was 35.8 ⫾
0.3 (range: 18 – 82). All analyses in this study are preregistered,
unless reported otherwise. All predictions for this study, as well as
data and code to reproduce analyses, are available online at https://
osf.io/6kv3d/.

Procedure
Self-Reported Paranoia and Social Reward
We assessed participants for paranoia, using the Green et al.
Paranoid Thought Scales (hereafter GPTS; Green et al., 2008),
which is a reliable and valid instrument that captures variation in
paranoid thinking across the full spectrum. The scale is described
in online supplemental materials.
Participants then took two subscales of the Social Reward Questionnaire (SRQ), designed to measure individual differences in the
hedonic value of different types of social interactions (Foulkes et al.,
2014). All subscales of the SRQ are reliable, valid, and internally
consistent and associate with related external factors (Foulkes et al.,
2014). In this study, participants took the Negative Social Potency
scale and the Prosocial Interactions subscales (hereafter NSP and
PRO, respectively; described in the online supplemental materials),
which each consisted of five items where participants rate on a Likert
scale (1–7) the extent to which they agree or disagree with the
statement. Higher scores indicate stronger self-reported enjoyment of
antisocial and prosocial behavior, respectively. We expected that
paranoia would be negatively associated with PRO and positively
associated with NSP. All scales showed good internal consistency
(Cronbach’s alpha: GPTS ⫽ 0.97; NSP ⫽ 0.92; PRO ⫽ 0.93).
Participants were paid $0.70 for this part of the study.

The Experimental Task
After a minimum interval of seven days, participants were
recalled and invited to take part in a modified Dictator Game
(described below). Participants were allocated either to the role of
receiver or dictator (within-subject, order counterbalanced). After
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a minimum interval of 10 days, participants were recalled again
and assigned to the opposite role. Of the original 2,004 participants, we successfully rerecruited and obtained full responses from
1138/2004 participants in the dictator role and 1136/2004 participants in the receiver role.
Our first aim was to replicate previous findings that paranoia
predicts increased harmful intent attribution but does not predict
attributions of self-interest. We have successfully replicated these core
findings several times before (Barnby et al., 2020; Greenburgh et al.,
2019; Raihani & Bell, 2018, 2017; Saalfeld et al., 2018), allowing
these analyses to act as a validity check for this study. We did
successfully replicate these key findings here and present these in the
supplementary information rather than in the main text.

Measuring Punitive Tendency
Our Dictator Game was modified to allow receivers to pay to
punish their partners after seeing how much the partner decided to
send, thereby allowing us to measure punitive tendency. We measured punitive tendency using the strategy method (Brandts &
Charness, 2011; Fischbacher et al., 2012). Participants played in
the receiver role in a Dictator Game, where they started with $0.05
and the dictator with $0.55. Participants were asked to state for
every possible donation by the dictator, whether they would
choose to punish or not. Punishment involved spending $0.05 to
levy a fine of $0.15 on the dictator. Endowing receivers with $0.05
at the start of the task therefore meant that receivers could still
afford to punish, even when dictators sent nothing to them. Receivers were truthfully informed that they would be matched with
a real partner and that their punishment decision would be executed based on what the partner donated.

Measuring Generosity
Participants also played in the dictator role and could choose to
send any amount to the partner (from $0.00 to $0.55 in $0.05
increments). In this game, participants knew that the receiver had
a punishment option, as described above. We aimed to replicate
our previous finding that paranoia would be associated with lower
generosity in the Dictator Game (Raihani & Bell, 2018), as well as
exploring whether NSP or PRO also explained variance in the
decision to send money to the partner.

Statistical Analyses
All data were analyzed using R package 3.5.0. Models were
constructed as cumulative link models (clm) using the using the R
package ordinal (Christensen, 2018). Commonality analyses were
performed using R package yhat (Nimon et al., 2020). All statistical details available in the online supplemental materials. All
deviations from planned analyses are reported in the online supplemental materials.

Preregistered Predictions
1.

Paranoia Is Positively Associated With Reward Value of
Antisocial Behavior (NSP) and Negatively Associated
With Reward Value of Prosocial Behavior (PRO)

We calculated the mean NSP and PRO scores for each participant and then converted these scores to ordinal categorical vari-
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ables, each with 7 levels. These ordinal categorical variables were
set as the response terms in two separate cumulative link models
(clm), and we included paranoia, age, and gender as explanatory
terms in each model.
2.

Paranoia, Harmful Intent Attribution, and NSP Are Associated With Increased Punitive Tendency

We measured punitive tendency in two main ways: (a) punishment threshold (the maximum offer in the Dictator Game that
participants said they would be willing to punish) and (b) total
number of offers punished. These two variables were set as the
respective ordinal categorical response terms (nine and eight levels, respectively) in two clms. For both models, we included the
following explanatory terms: paranoia, NSP, harmful intent attribution, age, comprehension, gender, and order. We performed a
commonality analysis to establish the unique and shared variance
in the outcome variable explained by paranoia, harmful intent
attribution, and NSP.
3.

Paranoia, NSP, and PRO Are Associated With Decreased
Generosity in the Dictator Game

Dictator donation was set as a six-level ordinal categorical
response variable in a clm, with the explanatory terms paranoia,
NSP, PRO, age, comprehension, and gender. We subsequently
conducted a commonality analysis to explore the unique and
shared explanatory value of paranoia, PRO, and NSP on the
outcome variable.

Results
Participants in this study spanned the full range for paranoid
thinking captured by the GPTS (range: 32–160; mean: 55.3 ⫾ 0.6).
One hundred sixty-eight of the 2,004 (⬃ 8%) participants scored
higher than 101.9, the mean score for clinical patients in the
original Green et al. (2008) study. Mean NSP score was 1.98 ⫾
0.03 (range: 1–7), and mean PRO score was 6.13 ⫾ 0.02 (range:
1–7). As expected, NSP and PRO were negatively correlated
(correlation coefficient ⫺0.58, p ⬍ .001).

Prediction 1. Paranoia Is Positively Associated With
Reward Value of Antisocial Behavior (NSP) and
Negatively Associated With Reward Value of Prosocial
Behavior (PRO)
Paranoia was positively associated with NSP (estimate, 1.50;
95% CI [1.32, 1.69]; Figure 1a) and negatively associated with
PRO (estimate, ⫺1.26; 95% CI [⫺1.46, ⫺1.06]; Figure 1b). Men
had higher NSP (estimate, 0.76; 95% CI [0.58, 0.95]) and lower
PRO (estimate, ⫺0.73; 95% CI [⫺0.95, ⫺0.51]) than women.
NSP was negatively associated with age (estimate, ⫺0.36; 95% CI
[⫺0.56, ⫺0.16]) and older people had slightly higher PRO (estimate, 0.04; 95% CI [0.04, 0.52]) than younger people.

Prediction 2. Paranoia, Harmful Intent Attribution,
and NSP Are Associated With Increased Punitive
Tendency
Most people (734 of 1,136, 64.6%) did not punish any dictator
offers in this task, although 122 of 1,136 people (10.7%) punished
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Figure 1
The Association Between Paranoia and (A) Negative Social Potency and (B) Enjoyment of Prosocial Interactions
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Note. Paranoia was converted into a nine-level categorical variable for ease of visualization. Boxplots display the
interquartile range with the midline representing the median value. Whiskers are the largest (and smallest) values
occurring within 1.5 times of the IQ-range. Raw data are overlaid on top of the boxplots.

offers of $0.25 or above. Harmful intent attribution and NSP were
both positively associated with willingness to punish higher donations (Tables S3 and S4 in the online supplemental materials;
Figure 2) and increased total number of offers punished (Table S5
in the online supplemental materials), although we did not detect
a main effect of paranoia on either punishment threshold or number of offers punished (see Figure 2).
The failure to detect an independent main effect of paranoia on
punishment decisions may have been attributable to the high
collinearity between paranoia, and NSP and harmful intent attribution, respectively. This issue was confirmed by the preregistered
commonality analysis (Table S4 in the online supplemental materials), which revealed that paranoia uniquely accounted for 6.03%
of the explained variance in punishment threshold and 6.58% of
variance in total number of offers punished. Together with other
terms in the models, paranoia jointly explained a further 30.6% of

the variance in each model. Harmful intent attribution had the
largest unique explanatory power, accounting for 61.7% of the
total variance in punishment threshold that was explained by our
model and 60.9% of the variance in total number of offers punished (Table S4 in the online supplemental materials).

Prediction 4. Paranoia, NSP, and PRO Are Associated
With Decreased Generosity in the Dictator Game
In the dictator role, participants sent on average $0.14 ⫾ 0.00
(⬃25%) of the endowment to their partner. People who had higher
PRO scores sent larger amounts to the partner (Table S6 in the
online supplemental materials; Figure 3), although there was no
additional effect of NSP, probably because of PRO and NSP being
strongly negatively correlated. Commonality analysis revealed that
NSP uniquely accounted for 2.5% of the explained variance in
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Figure 2
Maximum Offer Punished as a Function of (A) Paranoia, (B) Harmful Intent Attribution, and (C) Negative Social Potency
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Note. For ease of visualization, these plots omit all data points where participants did not punish a partner. Higher maximum offer punished indicates a
greater punitive tendency. Raw data are overlaid onto boxplots, with a jitter function. The terms on the x axes were converted to categorical variables
(paranoia ⫽ nine levels, harmful intent attribution ⫽ 10 levels, NSP ⫽ three levels).

generosity and 38% when considered in combination with other
terms in the model. Counter to our predictions, paranoia had no
main effect on generosity in the dictator role (Table S6 in the
online supplemental materials; Figure 3). Paranoia uniquely explained 0% of the total variance in dictator donations, although
variance common to paranoia and other variables jointly accounted
for ⬃17% of the variance in dictator donations that was explained
by the model (Table S7 in the online supplemental materials). The
predictors which uniquely explained most of the variance in dictator donations were age and PRO (Table S7 in the online supplemental materials).

Discussion
Previous work showed that proneness to paranoid thoughts is
positively associated with punitive tendency and negatively associated with generosity in the Dictator Game (Raihani & Bell,
2018). We partially replicate and extend these previous findings
here. We show for the first time that paranoid thinking is positively
associated with the reward value of negative social behavior and
negatively associated with the reward value of positive prosocial
interactions. These findings suggest that paranoia is associated
with altered patterns of social reward and help to contextualize
previous work in this field.

Previous studies have interpreted the reduced prosocial tendency in paranoia in terms of distrust (Ellett et al., 2013; Fett et al.,
2012). However, trusting in a trust game can also be construed as
a cooperative or prosocial decision (Raihani & Bell, 2018). Previous work exploring alterations to social reward processing in
paranoia and psychosis has tended to focus on the reward value of
anticipating and/or experiencing cooperation (or not) from a social
partner (Fett et al., 2019) despite the fact that social-decisions have
also been associated with reward system function independently of
response from others (Harbaugh et al., 2007; Moll et al., 2006).
The work presented here suggests a role for alteration to intrinsic
reward for making social decision in paranoia. Experiencing subjective reward from one’s own prosocial decisions is known as the
“warm glow of giving” in the experimental economics literature
(Andreoni, 1990), and the reward from making purely altruistic
decisions is associated with overlapping, but not identical, reward
system activity to strategic giving in fMRI studies (Cutler &
Campbell-Meiklejohn, 2019). These common patterns from neuroimaging studies, together with the self-report data we present
here, suggest that variation in the reward of prosocial decisionmaking might be altered in paranoia. Neuroimaging studies in
combination with strategic and nonstrategic economic games
would be especially useful to confirm this prediction.
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Figure 3
Dictator Donation as a Function of (A) Paranoia and (B) Enjoyment of Prosocial Interactions
(PRO)
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Note. Raw data are overlaid onto boxplots, with a jitter function. The terms on the x axes were converted to
categorical variables (paranoia ⫽ nine levels, PRO ⫽ three levels).

Despite being associated, it is important to stress that the causal
relationships between paranoia and social reward value are not
clear. It is possible that paranoia and altered social reward value
share a common cause in some cases—and it is also possible that
they mutually reinforce one another (in other words, any causal
relationship may not be unidirectional). In this study, we cannot
tease apart these possibilities. One common cause of paranoia and
reduced NSP (or increased PRO) might be a history of adversity
(Howes & Murray, 2014). Exposure to adversity in childhood
(including childhood maltreatment, poverty, and low socioeconomic status) is associated with increased tendency to develop
paranoia in adulthood (Anderson & Freeman, 2013; Bosqui et al.,
2014; Catone et al., 2015; Wickham et al., 2014). Similarly, higher
levels of childhood adversity are also implicated in the development of antisocial personality traits, such as lower agreeableness
and an increased tendency toward angry feelings (Carver et al.,
2014; Labella & Masten, 2018) and appetitive aggression (Dudeck
et al., 2016). This suggests one pathway by which paranoia and

social reward value might share the same common cause and thus
be associated, without paranoia necessarily causing altered social
reward value.
We replicate our previous findings that paranoia predicts increased tendency to attribute harmful intent, but not self-interest,
to a partner (Raihani & Bell, 2017; Saalfeld et al., 2018). Variation
in punitive tendency was largely explained by harmful intent
attribution, but negative social potency also played a minor role.
Negative social potency was higher among participants who experience a more paranoid thinking style and paranoia in combination with other terms explained around 30% of the variance in
punishment decisions. It is possible that the tendency to punish
others and proneness to paranoid thinking have a common cause,
in that both appear to be associated with exposure to adversity.
Herrmann et al. (2008) reported increased antisocial punishment
(willingness to punish cooperators) in social environments with
low GDP and weak civic norms of cooperation (see also Bone et
al., 2016; Raihani & Deutchman, 2017). Similarly, in field-based
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experimental tasks, exposure to resource scarcity predicted antisocial punishment (Prediger et al., 2014) and increased exploitative strategies (Blanco et al., 2015; Gatiso et al., 2015).
Paranoia was associated with a reduced enjoyment of prosocial
behavior but did not explain variation in observed generosity in the
Dictator Game. Variance in generosity was largely explained by
age and, to a lesser extent, by enjoyment of prosocial interactions.
The fact that paranoia was not uniquely associated with variation
in generosity contradicts our previous finding (Raihani & Bell,
2018), although we note a potentially important difference between the two studies that might be relevant. In the current study,
participants in the dictator role knew that they could be punished
by their partner, whereas this information was not supplied in the
previous study. The concern about being punished might explain
why we fail to detect the negative effect of paranoia on generosity
in this study: The association between paranoia and generosity
might depend upon strategic concerns. This suggests that paranoia
is not simply associated with antisocial tendencies, which would
involve both increased punitive behavior and reduced generosity,
but that each of these behaviors may be subject to independent risk
factors and may fulfill different functions (see also Moll et al.,
2018).
There are several caveats and notes of caution when interpreting
these data. First, we want to stress that punishment and generosity
here are measured in highly abstract settings, involving small sums
of money and that an increased willingness to punish in such an
experiment should not be taken as indicative of a tendency toward
aggression or hostility in real life. Although we recruited a fairly
diverse sample, it should also be borne in mind that all data come
from U.S.-based participants and that the population on MTurk is
younger, less racially diverse, and more politically liberal than the
U.S. population average. Ideally, future work would explore the
extent to which these findings might generalize across populations
and also in samples including patients with a psychotic-spectrum
disorder.
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